Objective: To investigate olfaction in relation to incident Parkinson disease (PD) in US white and black older adults.
Prospective studies clearly demonstrated that olfactory impairment is associated with a higher risk for Parkinson disease (PD). [1] [2] [3] [4] However, these studies were almost exclusively conducted in white [1] [2] [3] or Asian populations. 4 Little is known about olfaction and PD among black patients. Such an investigation, however, would be intriguing, because black patients are more likely to have poor sense of smell than white patients, 5 yet they may be less likely to have PD. 6, 7 Equally interesting is a potential sex difference in the sense of smell observed in cross-sectional studies. 8 In addition, few studies have examined the temporal relationship. For example, the HonoluluAsia Aging Study (HAAS) suggests that poor sense of smell only predicts short-term PD diagnosis within 4 years. 4 We therefore evaluated the sense of smell in relation to incident PD among 1,510 white and 952 black participants of the Health, Aging, and Body Composition (Health ABC) study overall, and by race, sex, and the length of follow-up.
METHODS Study population. The Health ABC is a prospective study designed to investigate if changes in body composition act as a common pathway by which multiple diseases affect morbidity, disability, and mortality in community-dwelling older adults. 9 Details of the study were published previously. 9 Briefly, in 1997-1998, the study enrolled 3,075 well-functioning community-dwelling individuals (48.4% men and 41.6% black participants) aged 70-79 years in the metropolitan areas of Pittsburgh, Pennsylvania, and Memphis, Tennessee. The cohort followed study participants with annual clinical or home visits through year 6 and then in years 8, 10, 11, and 16. Interviewers called study participants to update contact and health status every 6 months between enrollment and year 15 and then quarterly through year 17. The cohort evaluated the sense of smell of 2,544 study participants at the year 3 clinical examination in 1999-2000 (hereafter referred as baseline) with the 12-item Brief Smell Identification Test (BSIT; Sensonics, Haddon Heights, NJ). 10 After excluding 49 participants without a valid BSIT score, 19 prevalent PD cases diagnosed before or in the baseline year, and 14 participants who were censored in the baseline year, the current analyses included 2,462 participants (1,510 white and 952 black participants). We followed eligible participants from baseline until the date of PD diagnosis, death, last contact, or August 31, 2012, whichever came first.
Standard protocol approvals, registrations, and patient consents. The Health ABC Study protocol was approved by the institutional review boards at the University of Pittsburgh, the University of Tennessee, and the University of California-San Francisco. All participants signed informed consent at enrollment.
PD ascertainment. We identified potential PD cases from multiple data sources. At the clinical visits of years 1, 2, 3, and 5, the study asked participants to show all medications that they used in the last 2 weeks and, for each medication, to report the name, dose, and frequency of use, reason for use, and year of first use. In years 8, 10, and 11, the study asked participants to report medication use in the last 30 days, including name, current use, frequency of use, and duration of use (years 8 and 10). The study also queried about physician diagnosis of PD at enrollment and in a substudy at year 13. In addition, the study conducted comprehensive hospitalization and death surveillance. For each hospitalization, up to 20 diagnoses were summarized on the discharge form according to the ICD-9-CM. This discharge summary, along with records of medical history and physical examinations, was subsequently reviewed by a local event adjudicator, and diseases presented at the hospitalization were adjudicated. For each death event, the cohort conducted an exit interview with a knowledgeable proxy who provided information on physical functioning of the study participant while alive and details of the event. These data, together with other relevant information such as recent hospitalizations, were centrally reviewed by a team of experts and the underlying cause of death was adjudicated by consensus. At the time of the present study, hospitalization and death surveillances were complete through August 2012.
Based on these follow-up data, we conducted a retrospective case adjudication in 2015. We first identified potential PD cases that met at least one of the following: (1) use of antiparkinsonian medications (carbidopa/levodopa, dopamine agonists, monoamine oxidase B inhibitors, amantadine, or anticholinergic drugs) at any of the medication surveys; (2) self-reported PD diagnosis; (3) local adjudication of PD as the cause of hospitalization or ICD-9 code of PD (332.0) on the discharge form; and (4) PD as the centrally adjudicated cause of death or reported on the proxy interview following death. From these sources, we identified a total of 156 potential PD cases. For each potential patient, we prepared a spreadsheet that included the aforementioned data as well as complete sets of medication and hospitalization data that were collected during the follow-up. Two experienced movement disorder specialists (X.H. and S.J.) independently reviewed these data and comprehensively considered the number of sources that indicated a PD diagnosis, internal consistency, and evidence against PD diagnosis. Examples of internal consistency include reporting PD medications in multiple years, reporting PD as the reason for taking the medication, or local adjudication of PD as the reason for multiple hospitalizations. Examples of contradictory evidence include neuroleptic use before PD medication, reporting restless leg syndrome as the reason for taking PD medication, or use of dementia medication or hospitalization with dementia prior to or at first evidence of PD. We defined PD cases as (1) 2 independent sources of PD identification without any contradictory evidence (n 5 58) or (2) only 1 source of PD identification with clear internal consistency and no evidence against PD (n 5 13). As hospitalization and death became the only sources to identify potential PD cases after the last medication survey, we also included potential cases whose only source of information was from adjudicated hospitalization (n 5 7) or death (n 5 3) after the last available medication survey. We finally adjudicated a total of 81 potential PD cases. We further defined the year of diagnosis as the first year that PD medication (n 5 48) or diagnosis (n 5 1) was reported. If PD was first identified by hospitalization (n 5 29) or death (n 5 3), we defined year of diagnosis as the middle point of first identification and the previous year of medical survey without reports of PD medication use. After excluding 19 prevalent cases (i.e., diagnosed before or in year 3) and 20 cases without BSIT scores, we had 42 incident PD cases for the current analysis.
The Brief Smell Identification Test. The BSIT is a short version of the 40-item Pennsylvania Smell Identification Test and has been widely used in clinical and epidemiologic studies. 4, 11 The test asks participants to scratch and smell 12 daily odorants, one at a time, and to identify the correct odorant from 4 possible answers in a multiple choice format. One point was given for each correct answer with a total score ranging from 0 to 12 with a higher score indicating a better sense of smell. 10 We excluded 49 participants with .3 missing items from the analyses and prorated for other incompletes (93 with 1, 29 with 2, and 10 with 3 missing) according to their actual score based on completed items. For example, if a participant completed 10 items and 9 were correct, the total prorated BSIT score would be 10.8. The BSIT also includes a question about history of head injury defined as "hit in the head hard enough to make you faint."
Assessment of covariates. The study also collected information on demographics (i.e., age, sex, race, and education), lifestyle (i.e., smoking and coffee drinking), and general health status via structured face-to-face interviews as part of its clinical visits. With the exception of coffee consumption, which was asked at year 2 as part of a food frequency questionnaire, other covariates corresponded to the same year of the sense of smell test.
Statistical analysis. We first conducted analyses with all participants and then separately by race, sex, and length of follow-up (the first 5 years and thereafter). In the primary analysis, we categorized the sense of smell into tertiles, with the highest tertile (t3, better olfaction) as reference. We used multivariable Cox models to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) with age as the time scale and left-truncation on age at year 3, first adjusting for race and sex when appropriate and then additionally for other potential confounders. We also tested statistical interactions of the sense of smell with sex or race on PD risk by including a 2-way cross-product term in regression models. In all stratified analyses, we combined the highest 2 tertiles (t21t3) of BSIT score as the reference due to sample size considerations. We conducted power analyses using PS-Power and Sample Size Calculation (biostat.mc.vanderbilt.edu/wiki/ Main/PowerSampleSize). With our sample sizes, we had adequate statistical power (b 5 80%) to detect a HR t1/[t21t3] $2.8 in white participants, $5.1 in black participants, $3.0 in men, and $4.0 in women.
To further explore the temporal relationship of poor sense of smell with incident PD, we conducted 2 additional analyses: (1) with incident cases, a series of lagged analyses by excluding the first years of follow-up with 1-year increment until year 6; (2) cross-sectional analyses with prevalent PD cases (n 5 19) diagnosed before or at year 3 using logistic regression models. We conducted all statistical analyses with SAS version 9.3 (SAS Systems Inc., Cary, NC) and a 2-sided a of 0.05.
RESULTS During an average of 9.8 years of followup, we identified 42 incident PD cases, including 30 white and 12 black participants. The incidence of PD per 100,000 person-years was 174 overall, 197 in white participants, 135 in black participants, 235 in men, and 122 in women.
Compared with participants in the highest tertile of BSIT score (t3, better olfaction), those in the lowest tertile (t1, poor olfaction) were older and were more likely to be male, black, current smokers, and from the Memphis site (table 1) . Further, they were less likely to report post high school education or optimal health status. Participants with poor sense of smell also tended to report less coffee drinking and a history of head injury, although the differences were not statistically significant. Table e-1 at Neurology.org shows associations of these covariates with incident PD. The statistical power of these analyses was limited.
As expected, poor olfaction predicted a higher risk of PD (figure and table 2). The associations did not materially change after further adjustment for study site, education, smoking, coffee drinking, general health status, and history of head injury.
Poor sense of smell was clearly associated with higher PD risk in white participants (table 3); a similar association was suggested for black participants but it was not statistically significant. Differential associations were also suggested for sex, with an apparently stronger association in men. The interaction term for sex or race with BSIT score was not statistically significant, possibly due to small sample size. In the analysis stratified by the length of follow-up, we found significant associations for both the first 5 years of follow-up and afterwards.
In the series of lagged analyses that excluded the first years of follow-up (table 4), the association remained at similar strength (HR t1/[t21t3] , range 4.1-5.0) for the first 6 years of follow-up and then the HR decreased to 2.9. The corresponding odds ratio for association with prevalent cases was 7.6. Therefore, the strongest association was found with prevalent cases followed by cases diagnosed in the 6 years following the BSIT test. Data indicated moderate association beyond 6 years, but the risk estimate was less stable due to smaller sample size.
DISCUSSION In this study, we found that a single evaluation of the sense of smell was associated with PD risk beyond the first several years of follow-up. The association was attenuated with longer followup, however. Further, our data indicate that the association may be stronger in white participants and in men.
Although the Braak hypothesis is somewhat controversial, 12, 13 it implies that olfactory impairment is among the early symptoms in prodromal PD. Consistently, clinical studies have identified poor sense of smell as the most sensitive nonmotor symptom in differentiating patients with newly diagnosed PD from controls. 8, 14 Further, prospective follow-up of individuals with unexplained olfactory dysfunction showed much higher than expected PD conversion rate. 2, 3 In addition, a casecontrol study in Germany found that 38.7% of patients with PD reported olfactory dysfunction on average 11.2 6 11.1 years prior to PD diagnosis. 15 A few population-based prospective studies also examined olfactory dysfunction in relation to PD risk. The HAAS followed 2,267 Japanese American men in Honolulu, Hawaii, for 8 years and identified 35 PD cases. 4 The study reported that men in the lowest quartile of the sense of smell score were about 5.2 (95% CI 1.5-25.6) times more likely to receive a PD diagnosis than those in the highest 2 quartiles in the first 4 years after olfaction assessment (n 5 19 cases). 4 However, the authors did not identify a higher risk for the second 4 years of follow-up (n 5 16 cases, corresponding HR 0.3, 95% CI 0-2.7). 4 Recently, several cohort studies have been initiated in the United States and Europe to specifically examine sense of smell and other markers as predictors of future PD in the general population. 1, 16, 17 For example, the Prospective Evaluation of Risk Factors for Idiopathic Parkinson's Syndrome (PRIPS) study (n 5 1,847) 18 reported preliminary findings for the first 3 years and for years 3-5 of follow-up. In each follow-up period, 10 patients with PD were identified and 6 (60%) had reduced sense of smell at baseline, as compared to 28.8% among individuals free of PD. 18 Based on this and other evidence, olfactory dysfunction was recently proposed as part of the criteria for prodromal PD. 19 However, its potential usefulness as a screening tool for prodromal or undiagnosed PD in the general population awaits further investigations, in part because of the low PD incidence, the lack of specificity of olfactory dysfunction to PD, and the lack of understanding of temporal relationship of olfactory dysfunction with PD. 20 Future research on the pathogenesis of olfactory dysfunction in the context of PD development and its manifestation pattern in combination with other key prodromal symptoms, biomarkers, or risk factors may help evaluate its potential to screen for prodromal PD in high-risk populations.
Compared with previous population-based prospective studies, the current study has longer followup and showed that poor olfaction was associated with PD beyond the first several years of follow-up, although the association was somewhat attenuated. Another important strength of the current study is the inclusion of both white and black participants. Data on PD in black participants are limited, but evidence indicates possibly lower PD incidence than in Table 2 Tertiles white participants. 6, 7 Notably, data also suggest that older black participants are more likely to have poor sense of smell than white participants. 5 If both observations are true, one may speculate that a poor sense of smell may not be as strong a predictor for PD in black as in white patients. Data from the current study seem to support this possibility. Reasons for this potential racial difference are unclear. One possibility is that, compared to white participants, the etiology of olfactory dysfunction in black participants is more diverse and complex, and that PD-related pathology is a relatively minor contributor. Alternatively, one may argue that the BSIT test performs better in white than in black older adults. Although BSIT was designed to be used across different cultures, 10 we could not exclude this possibility. Investigations into a potential sex difference in the relationship between olfaction and PD are equally interesting. Sex differences have been documented for PD incidence 6 and risk factors, 21, 22 as well as clinical presentation. 23, 24 Further, many studies found that men had poorer olfaction than women, and this is true for both patients with PD 8 and the general elderly population. 5, 25 The HAAS included men only 4 and the PRIPS had only 21 cases, which precluded sex-specific analyses. 18 In the current study, poor olfaction was statistically associated with higher PD risk in both men and women. However, the strength of the association was twice as strong in men, indicating that poor sense of smell may be a better predictor of PD in men than in women. The study has several notable limitations. First, although the cohort's data collection was prospective, PD case adjudication was performed retrospectively at the end of the follow-up. As PD may take years to be diagnosed, without active and systematic case ascertainment, we might have inadvertently missed some cases and adjudication errors were also possible. Second, despite our due diligence in estimating the date of first evidence for a PD diagnosis, this information remained imprecise. In particular, some of the prevalent cases at baseline might have been mistakenly adjudicated as incident cases in the first several years of follow-up. For these reasons, interpretation of our results on the temporal relationship requires caution. Future studies with active case confirmation and more accurate documentation of date of PD diagnosis are needed. Third, the sense of smell is more than smell identification and olfactory dysfunction could be due to many reasons other than neurodegeneration (e.g., chronic rhinosinusitis). 26 The current study only tested smell identification and did not evaluate other potential causes for olfactory dysfunction. Fourth, the loss of the sense of smell in prodromal PD may be gradual over many years; however, available studies, including ours, measured the sense of smell only at one time point. Future studies with repeated measurements over a longer period may help better characterize the temporal relationship of olfactory dysfunction with PD. Fifth, by design, the study participants were relatively healthy and 70 years or older at enrollment, therefore the results may not be readily generalizable to younger populations. Finally, the numbers of PD cases were small, particularly for stratified analyses in women and black participants as well as for the lagged analyses. Therefore, cautious interpretations of these results are needed. Future studies should confirm our findings and investigate potential applications to clinical and etiologic research of PD.
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